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CROSS REFERENCE TO RELATED APPLICATIONS 

This application claims benefit of priority to United States Provisional Patent 
Application No. 60/456,846 filed on March 21, 2003 entitled Method for Screening for 
10 Genes or Agents Affecting the Response of the Drosophila Heart to Hypoxia or Anoxia 
and naming Giovanni Paternostro as inventor, which is herein incorporated by reference 
in its entirety. 

TECHNICAL FIELD 

15 

The present invention relates generally to methods of screening for compounds or 
nucleic acids and more particularly to a method for screening for a compound, protein or 
nucleic acid, such as a gene, able to affect cardiac function during or after hypoxia or 
anoxia. 

20 

BACKGROUND OF THE INVENTION 

Drosophila as a Model for Human Heart Disease 

25 

The genome of Drosophila melanogaster was the first to be fully sequenced for 
an animal possessing a circulatory system (4). The heart of the fly consists of a tubular 
structure that contracts spontaneously throughout the insect's lifespan and has the main 
function of circulating the hemolymph which transports energy substrates from the 
30 abdomen to the thorax and head (5). The normal lifespan of the fruitfly depends on the 
temperature at which the flies are kept, being shorter at higher temperatures. The mean 
lifespan of D. melanogaster is 45-60 days at 25 °C (6). 

1 



Several groups have exploited Drosophila genetics for identifying genes 
regulating cardiac development in the fly, and this approach has proved to be useful for 
guiding research on cardiac development in vertebrates. One of the more notable 
examples is the identification of the Drosophila gene tinman (7), which prompted the 
5 cloning of homologues regulating cardiac development in mice (Nkx2-5/Csx) (8, 9). The 
finding of homologous genes that similarly influence development of the heart-like organ 
of Drosophila and the mouse heart suggests that at least some aspects of fly cardiac 
biology are common to mammals. The relevance of some fly genes to human cardiac 
pathology is also supported by the finding that mutations in the HERG potassium channel 

10 gene cause long-QT syndrome, a potentially fatal cardiac arrhythmia (10). HERG stands 
for "human ether-a-go-go related gene" and it was first identified by virtue of its 
homology to the Drosophila potassium channel gene "ether-a-go-go" (11). 

Several human disease models have been developed in Drosophila, particularly 
for neurological diseases (12-14). Drosophila is also commonly employed as a model- 

15 organism for studying the genetics of aging, partly because it represents a genetically 
tractable organism with a short life span (15). For example, genetic screens have 
allowed the identification of a single gene that controls life span in flies, increasing it by 
=35% (16). However very little is known about the cardiac changes that occur with 
hypoxia in the fly. 

20 Our recent paper was the first attempt to exploit Drosophila melanogaster for 

investigations of adult cardiac dysfunction (2, 17). We developed methods for studying 
cardiac function in vivo in adult flies. Using 2 different cardiovascular stress methods 
(elevated ambient temperature and external electrical pacing), we found that maximal 
heart rate is significantly and reproducibly reduced with aging in Drosophila, analogous 

25 to observations in elderly humans (18). We also described for the first time several other 
aspects of the cardiac physiology of young adult and aging Drosophila, including an age- 
associated increase in rhythm disturbances. 
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Molecular Basis of Hypoxic Damage In The Heart 



The expression of a large number of genes is altered during hypoxia and 
reoxygenation of the heart (19). However the exact mechanism whereby reversible cell 
5 damage finally evolves into irreversible infarction is still controversial (20). 

Loss of ATP will initially stimulate anaerobic glycolysis but the consequent 
decrease in pH will lead to its inhibition (20). In ischemia, pH also decreases as a 
consequence of reduced washout of metabolically produced CO2 (20). Glycolytically 
produced ATP has been proposed to be essential for membrane-associated ion pumps 
10 (21, 22). Inhibition of the sodium pump might lead to increase in intracellular osmotic 
pressure and irreversible membrane damage (23). 

Altered calcium homeostasis and an increase in intracellular calcium are also 
consequences of decreased uptake by the sarcoplasmic reticulum and decreased extrusion 
from the cell resulting from lack of ATP (24). Calcium accumulates in the mitochondria, 
15 leading to mitochondrial damage. Damaged mitochondria upon reoxygenation will 
generate free oxygen radicals (25). It has been proposed that oxygen radicals can cause 
membrane peroxidation and lead to cell death (26). Antioxidant therapies have not 
however consistently been shown to be beneficial in this setting (27). 

Another proposed mechanism of cell death in the hypoxic myocardium is related 
20 to the activation of apoptosis proteins (28, 29), especially at the time of 
reperfusion/reoxygenation. Hypoxia has been reported to cause the activation of 
proteolytic enzymes in cardiac myocytes: caspases in some models (30) and calpains in 
others (31). Other authors report that apoptosis is linked either to the decrease in pH 
during hypoxia or to reoxygenation (32). In adult cardiomyocytes both caspase inhibition 
25 and over-expression of the anti-apoptotic protein Bcl-2 can improve cellular viability 
during reoxygenation but has minimal effect on hypoxia induced cell death (33). 

In conclusion, at present there is not a clear understanding of the relative 
importance of these factors and of the best way to intervene to protect the heart from 
hypoxic damage (20). 

30 
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AGING AND CARDIAC HYPOXIA 

The relation between aging and heart disease is clear (34). The prevalence of heart 
failure is almost 70 times higher in persons 65 years of age or older, compared to persons 
aged 20-34 years (34). Nearly 80% of hospital admissions in the United States for heart 
5 failure involve patients over 65 years of age (35). Ischemic heart disease is the main 
cause of cardiac failure (34) and tobacco smoke contributes greatly to this disease burden 
(36). 

Several papers have shown that hypoxic damage is more severe in older hearts. 
Contractile recovery is reduced (37, 38) in rat hearts after hypoxia and reoxygenation. 

10 Several of the known mediators of hypoxic damage are also altered by cardiac aging. For 
example, the increase in intracellular calcium is exacerbated and the generation of 
intracellular reactive oxygen species is enhanced (39). This has been attributed to 
alteration in the expression of the proteins that regulate calcium handling and to 
mitochondrial dysfunction in the aging heart (40). This reduced tolerance to hypoxia of 

15 the aged myocardium has been confirmed in studies of human atrial trabecule harvested 
during cardiac surgery (41). 

Cardiac hypoxia interacts with the changes caused by aging on the heart and the 
short life-span of Drosophila makes the study of the genetics of this important interaction 
possible. 

20 

SUMMARY 

The present invention includes a method of screening for a nucleic acid such as a 
gene affecting cardiac function after or during hypoxia or anoxia, including the steps of: 

25 exposing an adult Drosophila to conditions able to induce cardiac hypoxia or anoxia, 
imaging the heart of the Drosophila, measuring the movements of the heart in the image, 
analyzing the measurements of the movements, and identifying a gene affecting the 
cardiac function of the Drosophila. A gene is identified from Drosophila having 
measurements different than control Drosophila. The analysis of the measurements are 

30 indicative of the cardiac function of the Drosophila and changes in the function are 
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indicative of the effect of the gene on the cardiac function of the Drosophila after or 
during cardiac hypoxia or anoxia. 

A second aspect of the invention includes a method of screening for agents 
affecting cardiac function after or during hypoxia or anoxia, including the steps of: 
5 exposing an adult Drosophila to conditions able to induce cardiac hypoxia or anoxia, 
exposing the Drosophila to an agent, imaging the heart of the Drosophila, measuring the 
movements of the heart in the image, analyzing the measurements of the movements, and 
identifying an effect of the agent on the cardiac function of the Drosophila by comparing 
the analysis to a control The analysis of the measurements are indicative of the cardiac 

10 function of the Drosophila and changes in the function are indicative of the effect of the 
agent on the cardiac function of the Drosophila after or during cardiac hypoxia or anoxia. 

A third aspect of the present invention includes identifying a nucleic acid such as 
a gene, a compound or agent able to affect, mediate, prevent or protect against age- 
related changes that correlate with an increased risk of cardiac hypoxia or anoxia using a 

1 5 disclosed method of screening for a nucleic acid or an agent. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 depicts a graphical representation of heart movement measurements 
20 obtained with the image analysis software. Specifically, the graph depicts heart 
contraction recovery after 18 hours of hypoxia at 18 °C in young (1 -day-old, depicted as 
triangles) and aged (30-day-old, depicted as squares) wild-type Oregon-R male flies. The 
recovery is impaired in older flies. The older flies exhibit a phenotype similar to that of 
young mutants with increased cardiac damage after hypoxia Data are mean±SEM, n=6 in 
25 both groups. 

DETAILED DESCRIPTION 

The present invention addresses the shortcomings in current screening methods 
30 and provides a novel method of screening for a nucleic acid such as a gene affecting 
cardiac function after or during hypoxia or anoxia, including the steps of providing an 
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adult Drosophila in conditions able to induce hypoxia or anoxia, imaging the heart of the 
Drosophila, measuring the movements of the heart in the image, and analyzing the 
measurements of the movements. Analysis of the measurements are indicative of the 
cardiac function of the Drosophila and changes in the function may be indicative of the 
5 effect of the gene on the cardiac function of the Drosophila after or during cardiac 
hypoxia or anoxia. 

Drosphila has a hypoxic response pathway analogous to that of mammals: it has a 
functional homologue of HIF (hypoxia-inducible factor), called Sima, and of other 
members of this pathway (42, 43). HIF and Sima are transcription factors that accumulate 

10 under hypoxic conditions and activate a similar set of genes, e.g. glycolytic enzymes 
(43). Other mediators of the hypoxic response in mammals, nitric oxide and protein 
kinase G, are also components of the response to hypoxia in Dropsophila (44). 

The only published Drosophila mutant screen for hypoxia response genes has 
been performed by the group of Haddad (45, 46). This was a screen for loss-of-function 

15 mutants, which exhibited retarded recovery of mobility after hypoxia. It was shown that 
the phenotype was mainly dependent on the effect of hypoxia on the nervous system (47). 
Hypnos-2, a gene expressed in nervous system and involved in RNA editing, was 
identified. The product of this gene targets several ion channels (48). 

As shown herein, the response of the heart to hypoxia in Drosophila differs from 

20 that of nerve cells, justifying a separate screen. This is consistent with the differences 
between these two tissues in many of the proposed molecular mechanisms of hypoxic 
damage, e.g. differences in calcium handling or in the relative fluxes of metabolic 
pathways. Even different parts of the central nervous system seem to differ greatly in 
their response to oxygen deprivation (49). 

25 The present invention includes the use of a Drosophila model to identify nucleic 

acids, genes, proteins, compounds or agents that effect cardiac function. There are a 
number of advantages to a Drosophila melanogaster model. These advantages include, 
but are not limited to a large number of genetic screens can be performed, genetic 
interactions can be identified by crossing the mutant of interest with collections of other 

30 mutants which among other benefits facilitates the identification of modifier genes such 
as suppressors or enhancers, the short life-span facilitates the study of the effects of 
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aging, many mutants and chromosomal markers are available, there are a number of 
known genetic techniques that are powerful and have been perfected since the beginning 
of the last century and the genome has been sequenced, thereby greatly speeding efforts 
to identify the genes responsible for mutant phenotypes. 
5 Many important findings for human medicine and biology have originated from 

studies in Drosophila or other invertebrates. Examples are the identification of genes 
regulating embryonal development in Drosophila (51), the initial identification of several 
components of the apoptotic machinery (52) and elucidation of gene pathways involved 
in neurogenesis (53). In all these examples, rapid progress in the understanding of 

10 complex problems was made possible by initial investigations in Drosophila and 
subsequent extensions of the findings to mammals and humans. Given that recent 
surveys have shown remarkable conservation of human genes in the fly genome, 
including cardiac disease-relevant genes (54, 55), genes and agents identified by our 
studies have a strong possibility of being relevant to humans. 

15 The present invention includes but is not limited to the testing of mutant 

Drosophila. Mutants may be prepared using a variety of techniques known in the 
molecular biology, biochemistry and chemical arts as well as their applications in the arts 
pertaining to Drosophila genetics. As a non-limiting example, mutants can be obtained 
using chemical mutagenesis or by using transposon insertions or deletions {see St 

20 Johnston, D. 2002. The art and design of genetic screens: Drosophila melanogaster Nat 
Rev Genet, 3: 176-88). A Mutation may result in a change in expression of a gene which 
affects cardiac function. 

The present invention includes a variety of non-limiting methods of inducing 
hypoxia or anoxia in Drosophila. These methods may include but are not limited to 

25 administering gaseous carbon dioxide (C0 2 ) or nitrogen (N 2 ) in an amount sufficient to 
induce hypoxia in a typical or normal Drosophila. As general guidance, hypoxia may be 
induced after about 2 hours of incubation in CO2 and about 5 hours of incubation in N 2 . 
Hypoxia may be studied by incubating Drosophila at elevated or reduced temperatures, 
such as those that are higher or lower than room temperature. 

30 The present invention includes imaging the heart of the Drosophila and 

identifying Drosophila with cardiac images different than that of a control Drosophila. 
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The disclosed methods are performed by detecting and analyzing images of heart 
movement, such as movement of the heart walls by using movement detection software. 
Any software able to detect, record or analyze images of a beating heart in Drosophila 
may be used with the present invention. 
5 As will be demonstrated by a variety of non-limiting examples, imaging may be 

performed using a variety of techniques. In one embodiment the Drosophila is positioned 
under a microscope so that the light beam of the microscope is generally perpendicular to 
the frontal plane of the Drosophila and is directed on the heart of the Drosophila. The 
images are then recorded by a suitable recording means such as a computer equipped 

10 with appropriate recording software or by using high-speed photography. The quality of 
the images may be enhanced or adjusted using one or more contrast enhancing means 
located on the microscope or on recording or analysis software. 

In another embodiment, heart movement is imaged by the use of an expressed 
fluorescent protein. In this embodiment the Drosophila expresses a fluorescent protein in 

15 the heart to enhance the imaging. One example of a fluorescent protein commonly used 
in the life science industry green fluorescent protein (GFP). GFP has been selectively 
expressed in a variety of organs and may be expressed in the heart. Detection may be 
performed using a microscope having fluorescent detection capabilities, of which many 
are available in the art. 

20 Drosophila that vary from a control or control set of data may be identified as 

candidates for further studies. Further studies may include the identification of a nucleic 
acid, a gene, an enhancer or suppressor able to directly or indirectly, such as by the 
expression of a cofactor, affect cardiac function. For example, for mutants that are 
associated with P element insertions, we can confirm that the mutant phenotype is a 

25 direct consequence of the element insertion in or nearby a specific gene. The first step 
can be to identify and confirm the DNA sequences flanking P-element insertions, in P 
element mutants, by using inverse PCR. Confirmation that the P insertion is responsible 
for the mutant phenotype can be obtained by showing that precise excision of the P 
element reverts the phenotype to wild type. 

30 A gene can be expressed or overexpressed in Drosophila either in the whole body 

or specifically in the heart using a cardiac specific promoter. We can also use the 



GAL4/UAS system, in which two constructs are introduced in the same fly by 
appropriate crosses, or inducible promoters as the tet-on system, in which tetracyline 
regulates the expression of a gene. Our method can be used to identify any protective 
effects of this gene against cardiac damage during or after hypoxia or anoxia 
5 The present invention may have therapeutic or diagnostic benefits in the treatment 

of human conditions such as hypoxia or anoxia. A nucleic acid such as a gene, identified 
using the disclosed methods may be targeted or used in the treatment of hypoxia or 
anoxia. As a non-limiting example, such treatment may include administering a 
therapeutically effective dose of a compound able to affect transcription or translation of 

10 the nucleic acid to prevent, protect against, reduce or mediate age-related changes in 
older hearts and thereby decrease the occurrence of hypoxic damage. These age-related 
changes may directly or indirectly affect the handling of intracellular calcium. To further 
examine the therapeutic or diagnostic capabilities of targets identified using the present 
methods, nucleic acid sequences may be tested in additional in vivo models such as 

1 5 mouse, rat, rabbit and human or in perfused heart preparations in vertebrate models. 

The present invention also includes a method of screening for agents affecting 
cardiac function after or during hypoxia or anoxia, including the steps of exposing an 
adult Drosophila to conditions able to induce cardiac hypoxia or anoxia, exposing the 
Drosophila to an agent, imaging the heart of the Drosophila, measuring the movements 

20 of the heart in the image, analyzing the measurements of the movements, and identifying 
an effect of the agent on the cardiac function of the Drosophila by comparing the analysis 
to a control. 

The present invention recognizes a variety of or agents or compounds may be 
screened for therapeutic or diagnostic use against hypoxia or anoxia. Specifically a 
25 compound may be administered prior, during or after inducing hypoxia in Drosophila. 
The compound may be in a variety of states or administered in a variety of techniques 
such as an aerosol, in the food or in the water. 

The present invention may identify a compound or agent able to affect, mediate, 
prevent or protect against age-related changes in an individual that lead to an increased 
30 risk of hypoxia or anoxia. The present invention may identify compounds or agents that 
affect age-related changes by altering the handling of intracellular calcium. A compound 
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or agent identified using the disclosed screening methods may be undergo further testing 
by its in vivo effect in additional animal models such as but not limited to mouse, rat, 
rabbit or human models or in perfused heart preparations in vertebrate models. 

5 Example 1: Overview of the Drosophila Heart Imaging System and Mutants Used 
in a Study 

Flies are mounted on glass slides and observed with a Nikon Diaphot-TMD 
inverted microscope, with Nomarski (DIC) optics and a 10X (N.A. 0.25) objective. 
10 Images are obtained by closing the diaphragm, so that the light-beam is concentrated on 
the first ventricle of the heart. Flies are positioned on their backs, exactly perpendicular to 
the light path, and fixed in this position by mounting the wings on the glass slide with 
double-stick tape. 

An account of our Drosophila heart imaging system has been published (2). In our 
15 initial publication we have shown differences in cardiac function between young and 
aged fly hearts that mimic those observed in humans. 

We have now performed a pilot hypoxia screen on 700 mutants, with the aim of 
identifying a first set of potentially informative mutants and of optimizing our protocol. 
The mutants were obtained by P element insertion and most of them were part of the 
20 Drosophila gene disruption project (56). 

We have improved the hardware of our set-up, obtaining better reproducibility. 
We use glass vials to minimize gas exchange and we add absorbent paper wetted with 
100 microliter of water to obtain comparable humidity in each vial. Flow and duration of 
replacement with gases are kept exactly constant. 

25 

Example 2: Identifying Drosophila With Increased Resistance to Hypoxia 

Hypoxia was achieved using CO2 in 350 fly stocks and nitrogen in the remaining 
350. As expected, C0 2 was more damaging for the fly heart. Flies do have carbonic 
30 anhydrase and an increase in C0 2 lowers the pH more than simple hypoxia. Changes in 
pH are in important component of ischemic damage (57). As a comparison, at the 
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temperature of 32°C, the same amount of cardiac damage was obtained in wild type 
Oregon flies after 2 hours of incubation in CO2 and after 5 hours of incubation in 
nitrogen. From the 350 mutants screened using CO2 we isolated 35 mutants with 
improved cardiac resistance to hypoxia. These were also tested with nitrogen, and no 
5 significant correlation was found between the response to the two gases (the pH-related 
damage might be affected by a specific set of genes). We have, however, isolated 6 
mutants that seem to be resistant to both gases. 

In the screen of the 350 mutants where we used nitrogen we identified 13 mutants 
with reproducible increased cardiac resistance to hypoxia. The genetic background can 
10 have a large effect on some complex Drosophila phenotypes, for example behavioral 
phenotypes (58). We also identified 39 mutants that exhibit reduced cardiac recovery 
after hypoxia. 

Example 3: Assessment of Cardiac Damage After Hypoxia 

15 

During the pilot screen we progressively refined our methods of assessment of 
cardiac damage. The more convenient duration of this period depends on the temperature 
at which the flies are kept, cardiac damage being much faster at higher temperatures. This 
is consistent with the finding that metabolic rate depends on environmental temperature 
20 in flies, which are poikiloterms (59) Therefore increased temperature would exacerbate 
ATP depletion during hypoxia. For example, a comparable amount of damage after 
incubation with nitrogen (corresponding to a recovery of cardiac contraction in 30% of 2- 
4 days old wild type Oregon flies) is obtained after 5 hours at 32 °C and after 18 hours at 
18 °C. 

25 Similarly to what is observed in the human heart using echocardiography after 

ischemia (60), there can be, however, more subtle changes in cardiac function in the 
Drosophila heart after hypoxia. The amplitude of cardiac contraction can be reduced or 
the heart wall can contract in a very irregular way. These cardiac phenotypes are called 
hypokinesia and dyskinesia by human echocardiographers (60). We could not, therefore, 

30 easily categorize some hearts as beating normally or not beating and developed a scoring 
system with 5 levels of increasing severity to measure the effect of hypoxia. We have 
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scored independently a great number of hearts and our scores appear to be reproducible 
and consistent. 

Example 4: Measuring and Analyzing the Measurements of Drosophila Using a 
5 Software Loaded Computer 

In addition, a dedicated image analysis software was recently written to rapidly 
quantify the amount of contraction of the heart. The measurements are obtained in less 
than 30 seconds. The computer program analyzes images of the fly heart obtained using a 

10 DT3155 PCI frame grabber (Data Translation, Marlboro MA) operating in conjunction 
with a camera (Sony DXC 101) and microscope. Images are processed, and a readout is 
given of the percentage of sampled pixels that change intensity, which correlates with the 
degree of movement in the sampled images. The main algorithm is simply a comparison 
of pixel intensity across different frames. For each pixel sampled, we analyze two frames 

15 in order to compare pixel intensity. First the pixel intensity in each frame is quantified, 
then subtracted. If the result after subtraction is zero, then the pixel will not be counted 
as changed. This is repeated across every pair of frames in the acquisition. Several 
sensitivity parameters were optimized to obtain a good signal to noise ratio. 

The goal in creating the Movement detection software is to obtain a computer 

20 automated system by which heart wall movement in various fruit flies can be studied 

without human bias. The basic concept behind the software is to analyze pixel intensities 
in a 40x40 pixel box in the center of a series of 640x480 resolution images. Obtained 
using a DT3155 PCI frame grabber operating in conjunction with a camera and 
microscope, these images are processed and a program readout is given that details the 

25 number and percentage of sampled pixels that changed intensity, which correlates to 
degree of movement in the sampled images. 

The main algorithm at its core is simply a comparison of pixel intensity across 
different frames. For each pixel sampled, we must analyze two frames in order to 
compare pixel intensity. First the pixel intensity in each frame is quantified, then 

30 subtracted. In theory, if the result after subtraction is zero, then the pixel will not be 
counted as changed. This is repeated across every pair of frames in the acquisition. 

12 



Four main parameters can be varied by the user for each acquisition: acquire 
time(s); tolerance (pixels); number of lines acquired; and acquire width, all of which will 
be explained shortly. The acquire time is simply the number of seconds of video that the 
user wishes to span in the analysis. Each second corresponds to 30 frames, as 30 fps is 
5 the rate of operation of the frame grabber. Clearly, the longer the period of the 

acquisition, the more reliable the data that can be obtained. Tolerance is the amount of 
intensity variation a pixel is allowed without being classified as changed; this was 
included as a parameter to help deal with noise that could be produced by the various 
devices between the camera and the software. The third parameter is the number of 

10 evenly spaced 40 pixel wide lines to acquire in the 40x40 box, and can be maximized at 
40. By acquiring more lines, a more accurate analysis can be obtained, albeit at a slower 
rate. Every pixel in each of the lines acquired is sampled for change. The fourth 
parameter, which we have referred to as acquire width, enables the user to select which 
frames to analyze. To illustrate how this works, by setting it at 2, we pair up frames 1 

15 and 2, 3 and 4, 5 and 6, 7 and 8, etc. and subtract them in order to determine movement 
(takes frames in groups of 2 for analysis). Setting acquire width at 3 pairs up frames 1 
and 3, 4 and 6, 7 and 9, 10 and 12, etc. for subtraction in order to determine movement 
(takes frames in groups of 3, skips the second of each group). 

Currently, there are two different versions of this software, which are identical 

20 except for the treatment of the last parameter, acquire width. The first program treats the 
fourth parameter as described above, in that it is considered variable, and the user can 
effectively select which frames he wants to analyze. In this first program it was found 
that an acquire width of 3 produced optimal results. The second program uses an 
alternative method of frame processing, known as the double difference method (as 

25 opposed to the single difference method used in the first program). With double 
difference, we sample four instead of two frames, subtracting the first two, obtaining two 
results, and then subtracting the two results. If this final result is higher than the 
tolerance, then the pixel is counted as changed. As this program was developed after the 
first, we used a fixed acquire width of 3, such that the four frames we were acquiring 

30 were the first and third in two groups of 3 frames (for example, 1,3,4, and 6). 



13 



Referring to FIG. 1 we show an example of the results obtained with the image 
analysis software or Movement detection software in an experiment comparing the 
recovery from 18 hours of hypoxia at 18 °C of 1 -day-old and 30-days-old flies (these 
ages, and all others given in the application, are expressed as days after the eclosion of 
5 adult flies from the pupal cage). The decreased recovery after hypoxia of the older fly 
heart has been confirmed using visual scoring in several other experiments, with 30-days 
old flies. Furthermore, in all files studied with this protocol at 60 days of age (n=30) the 
heart was completely still 1 hour after reoxigenation. This is consistent with what has 
been reported in the hearts of rodents and humans (39, 41). 

10 The time course shown in FIG. 1 is representative of those obtained in all other 
experiments we performed with visual scoring using the same protocol. Cardiac recovery 
is close to maximum after about one hour and stays close to these levels until at least the 
third hour after the cessation of hypoxia. As a rapid screening method, we intend to use 
the software to obtain a single measurement 2 hours after reoxigenation. With this 

1 5 protocol we intend to measure the maximum recovery of function after severe hypoxia. 

Example 5: The Use of High Speed Photography to Confirm Changes in Cardiac 
Function 

20 We can also measure the temporary impairment of cardiac contraction after 

hypoxia of shorter duration. Using a high-speed camera (Motionscope PCI, Redlake, 
capable of obtaining up to 1000 frames per second) and another specially written image 
analysis program we can obtain an M-mode image. The M-mode image 
(monodimensional image) is a time-space image signal representing the time course of 

25 image intensity along a line segment that crosses the ventricular lumen transverse to the 
heart axis. We use this term because it is commonly used in clinical echocardiography. 
From the M-mode image we can accurately measure systolic and diastolic dimensions, 
the duration of systole and diastole and of their rapid and slow phases and we can 
estimate ejection fraction. The camera with high frame rates is necessary because an 

30 ordinary camera records only 30 frames per second, which would be equivalent to only 6 
frames in the entire cardiac cycle of a fly heart beating at 5 Hertz, allowing only limited 
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accuracy. We observe temporary impairment of cardiac wall motion and reduced ejection 
fraction in the first few minutes after 2 hours of hypoxia. This is similar to what has been 
reported in the human heart, using echocardiography, during and immediately after 
transient ischemia (60). 

The recovery of general body mobility was always much delayed compared to the 
resumption of heart beat after hypoxia. For example after 2 hours of hypoxia (nitrogen) at 
22 °C the heart beat recovered within 5 minutes in all flies but the average time before 
any spontaneous body movement could be detected was 25±2 minutes (n=10). The 
recovery of body movement most likely represent progressive recovery of neurological 
function as shown by the group of Haddad using electrophysiological recordings in giant 
fiber systems neurons (47, 61) after nitrogen exposure. Indeed the gene they identified by 
screening for delayed recovery of body mobility is mainly expressed in the nervous 
system (48). These results suggest that the heart and the nervous system are differently 
affected by hypoxia. The delayed recovery of body movement is convenient for our 
purposes because heart function can be studied without anesthesia under these conditions. 
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